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ZONE COMPUTER
I?IRE MODELS

FOR ENCLOSURES
William D. Walton

INTRODUCTION

Computerprograms areusedinmany ereasoftlrepro-
tection design, including suppression system design, smoke
control system design, and egress analysis. The emphasis in
this chapter is on zone computer fire models for enclosures.
Zone fire models are computer programs designed to predict
the conditions resulting from a fire in an enclosure. These
models solve the equations based on the zone assumptions
describing the fire-induced conditions within an enclosure.

Computer fire models can provide a faster and more accu-
rate estimate of the impact of a tire, end the measures used to
prevent or control the fire, than many of the methods previ-
ously used. While manual calculation methods provide good
estimates of specific fire effects (e.g., prediction of time to
flashover), they are not well suited for comprehensive anal-
yses involving the time-dependent interactions of multiple
physical and chemical processes present in developing fires.

The state of the art in computer fire modeling is chang-
ing rapidly. Understanding of the processes involved in fire
growth is improving, and, thus, the technical basis for the
models is improving. The capabilities, documentation, and
support for a given model can change dramatically over a
short period of time. In addition, computer technology itself
(both herdware and software) is advancing rapidly. A few
years ago, a large mainframe computer was required to use
most of the computer fire models. Today, all of the zone fire
models can be run on personal computers. Therefore, rather
than provide an exhaustive review of rapidly changing state-
of-the-art available computer models, the following discus-
sion will focus on a representative selection. The reader is
guided to references 1 and 2 for a comprehensive review of
computer fire models.

ENCLOSURE FIRE MODELS

There are two major classes of computer models for
analyzing enclosure fire development. Stochastic or proba-
bilistic models generally treat fire growth as a series of se-
quential events or states. These models are sometimes re-
ferred to as “states transition” models. Mathematical rules
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are established to govern the transition from one event to
another (e.g., from ignition to established burning), Proba-
bilities are assigned to each transfer point based on analysis
of relevant experimental data, historical fire incident data,
and computer model results. For a complete discussion of
stochastic models, see Section 3, Chapter 16.

In contrast, deterministic models represent the pro-
cesses encountered in a compartment fire by interrelated
mathematical expressions based on physics and chemistry.
These models may also be referred to as “room fire” models,
“computer fire” models, or “mathematical fire” models. Ide-
ally, such models represent the ultimate capability: discrete
changes in any physical parameter could be evaluated in
terms of the effect on fire hazard. While the state of the art in
understanding fire processes will not yet support the “ulti-
mate” model, a number of computer models are available
that provide reasonable estimates of selected fire effects.

The newest type of deterministic fire model is the
“field” model. This type of model solves the fundamental
equations of mass, momentum, and energy for each element
in an enclosure space that has been divided into a grid of
smaller units. A complete discussion of field modeling can
be found in Section 3, Chapter 8. Although field model
technology and use have advanced rapidly in recent years, it
should be noted that field models require substantial com-
puter resources and are relatively complex to use.

The most common type of physically based fire model is
the “zone” or “control volume” model, which solves the con-
servation equations for distinct end relatively large regions
(control volumes). A complete discussion of the fundamental
principles behind the zone fie model formulation can be
found in Section 3, Chapter 5. A number of zone models exist,
varying to some degree in the detailed treatment of the fire
phenomena. The dominant chwacteristic of this type of model
is that it divides the room(s) into a hot upper layer and a lower,
cooler layer. (See Figure 3-7. 1.) The model calculations pro-
vide estimates of key conditions for each of the layers as a
function of time. Zone modeling has proved to be a practical
method for providing estimates of fire processes in enclosures.

The beginnings of pre-flashover zone fire modeling Ganbe
traced to the mid 19i’os with the publication of a description of
the fundamental equations by Quintiere.3 Based on these
equations, the first zone tire model published was RFIRES by
pape and Waterman,4 followed shortly by the HARVARD
model by Emrnons and Mitler.5 The development of zone
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Fig. 3-7.l. Two-layer model with no exchange between layers
except theplame.

fire models was facilitated both by the advancement in the
understanding of the basic physics of fire growth in a com-
partment and advances in, and the availability of, main-
frame computers. Following the publication of these two
models a number of zone fire models for mainframe comput-
ers were introduced. In 1985 the first zone model, ASET-B,
written specifically for the newly available IBM-compatible
personal computers, was introduced by Walton.6 Since that
time additional models have been introduced, and most of
the models written for mainframe computers have been con-
verted for use in personal computers.

No zone fire model is “best” for all applications. The se-
lection of a zone fire model for a particular application depends
on a number of factors. While most of the zone fire models are
based on the same fundamental principles, there is significant
variation in features among the different models. The decision
to use a model should be based on an understanding of the
assumptions and limitations for the particular model. In gen-
eral the more detailed the model outputs, the more extensive
the model inputs, and the greater the computer execution time
required. When using any computer fire model, it is always a
good idea to test the sensitivity of the model outputs to
changes in model inputs. If small changes in model inputs
result in large changes in model outputs, the user must
exercise great care in selecting the input values.

A key issue in selecting a model is model validation.
Comparison of model results with experimental data is valu-
able for determining the applicability of a model to a partic-
ular situation, Comparisons of model results with experi-
mental data are limited, and the number of comparisons
varies widely among the models. The model user should
carefully examine model validation comparisons before se-
lecting a model. Frequently, experienced model users will
use more than one model to evaluate a particular situation. If
several models provide similar results this can increase the
confidence in the results. This does not, however, guarantee
that the results accurately represent the physical conditions
being modeled, since most of the zone fire models are based
on the same basic assumptions.

OVERVIEW OF REPRESENTATIVE
ZONE FIRE MODELS

ASET Computer Program
ASET (available safe egress time) is a program for cal-

culating the temperature and position of the hot upper

smoke layer in a single room with closed doors and win-
dows. ASET can be used to determine the time to the onset of
hazardous conditions for both people and property. The
required program inputs are the heat-loss fractions, the
height of the fuel above the floor, criteria for hazard and
detection, the room ceiling height, the room floor area, a heat
release rate, and (optional) species generation rate of the fire.
The program outputs are the temperature, thickness, and
(optional) species concentration of the hot upper smoke
layer as a function of time, and the time to hazard and
detection. ASET can examine multiple cases in a single run.
ASET was written in FORTRAN by Cooper and Stroup. 6

ASET-B Computer Program

ASET-B is a program for calculating the temperature
and position of the hot upper smoke layer in a single room
with closed doors and windows. ASET-B is a compact ver-
sion of ASET, designed to run on personal computers. The
required program inputs are a heat-loss fraction, the height
af the fire, the room ceiling height, the room floor area, the
maximum time for the simulation, and the rate of heat re-
lease of the fire. The program outputs are the temperature
and thickness of the hot upper smoke layer as a function of
time. Species concentrations and time to hazard and detec-
tion, calculated by ASET, are not calculated in the compact
ASET-B version. ASET-B was written in BASIC by Walton. 6

[GC)MHIRN HI Computer Program

COMPBRN III is primarily used in conjunction with
probabilistic analysis for the assessment of risk in the nu-
clear power industry. The model is based on the assumption
of a relatively small fire in a large space, or a fire involving
large fuel loads early during the pre-flashover fire growth
period. The model’s strengths are (1) emphasis on the ther-
mal response of elements within the enclosure to a fire
within the enclosure, and (2] model simplicity. The temper-
ature profile within each element is computed, and an ele-
ment is considered ignited or damaged when its surface
temperature exceeds the user-specified ignition or damage
temperature. The model outputs include the total heat re-
lease rate of the fire, the temperature and depth of the hot gas
layer, the mass burning rate for individual fuel elements, the
surface temperatures, and the heat flux at user-specified
locations. COMPBRN III was written by Siu et al.7

(COMPF2 Computer Program

COMPF2 is a computer program for calculating the
characteristics of a post-flashover fire in a single building
compartment, based on fire-induced ventilation through a
single door or window. It is intended both for performing
design calculations and for the analysis of experimental
burn data, Wood, thermoplastics, and liquid fuels can be
evaluated. A comprehensive output format is provided that
gives gas temperatures, heat-flow terms, and flow variables.
The documentation includes input instructions, sample
problems, and a listing of the program. The program was
written in FORTRAN by Babrauskas. s

CSTBZ1 Computer Program
CSTBZ1 is a computer program for post-flashover fires,

lbased on similar basic assumptions as those of COMPF2.
The equations of mass and energy conservation are written
without neglecting the fuel source term, and several vertical
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openings in a room can be considered. The equation of heat
diffusion into the walls is solved either by a classical explicit
finite difference method, or by a new modal approach that
offers the capability of storing in a file a few numbers char-
acterizing a given wall, leading to a rapid calculation of the
superficial wall temperatures. A sophisticated numerical al-
gorithm was used to solve the equations through uncou-
pling. The program was written by Curtat and Bodart, 9

CFAST Computer Program
CFAST is the present version of the original FAST

computer program. A consolidation of the FAST1° and
CCFM.VENTS1l models, CFAST can be configured for a
maximum of either 5 or 10 rooms, depending on the com-
puter resources available. The required program inputs are
the geometrical data describing the rooms and connections;
the thermophysical properties of the ceiling, walls, and
floors; the fire as a rate of mass loss; and the generation rates
of the products of combustion. The program outputs are the
temperature and thickness of, and species concentrations
in, the hot upper layer and the cooler, lower layer in each
compartment. Also given are surface temperatures and heat
transfer and mass flow rates. CFAST was written in FOR-
TRAN by Jones and Forney. 12

FIRST Computer Program
FIRST is the direct descendant of the HARVARD V5

program developed by Emmons and Mitler. The program
predicts the development of a fire and the resulting condi-
tions within a room given a user-specified fire or user-
specified ignition. It predicts the heating and possible igni-
tion of up to three targets. The required program inputs are
the geometrical data describing the rooms and openings, and
the thermophysical properties of the ceiling, walls, burning
fuel, and targets. The generation rate of soot must be speci-
fied, and the generation rates of other species maybe spec-
ified. The fire may be entered either as a mass loss rate or in
terms of fundamental properties of the fuel. Among the pro-
gram outputs are the temperature and thickness of, and
species concentrations in, the hot upper layer and the
cooler, lower layer in each compartment. Also given are
surface temperatures and heat transfer and mass flow rates.
The FIRST program was written in FORTRAN by Mitler and
Rockett. 13

FPETOOL Computer Program
FPETOOL is the descendent of the FIREFORM

program. 14It contains a computerized selection of relatively
simple engineering equations and models useful in estimat-
ing the potential fire hazard in buildings. The calculations in
FPETOOL are based on established engineering relation-
ships. The FPETOOL package addresses problems related to
fire development in buildings and the resulting conditions
and response of fire protection systems. The subjects cov-
ered include smoke filling in a room, sprinkler/detector ac-
tivation, smoke flow through (small) openings, temperatures
and pressures developed by fires, flashover and fire severity
predictions, fire propagation (in special cases), and simple
egress estimation. The largest element in FPETOOL is a zone
fire model called FIRE SIMULATOR. FIRE SIMULATOR is
designed to estimate conditions in both pre- and post-
flashover enclosure fires. The inputs include the geometry
and material of the enclosure, a description of the initiating

fire, and the parameters for sprinklers and detectors being
tracked. The outputs include the temperature and volume of
the hot smoke layer; the flow of smoke from openings; the
response of heat-actuated detection devices, sprinklers, and
smoke detectors; oxygen, carbon monoxide, and carbon di-
oxide concentrations in the smoke; and the effects of avail-
able oxygen on combustion. FPETOOL was written in
BASIC by Nelson. 15

LAVENT Computer Program
LAVENTis a program developed to simulate the envi-

ronment and the response of sprinkler elements in compart-
ment fires with draft curtains and fusible-link-actuated ceil-
ing vents. The zone model used to calculate the heating of
the fusible links includes the effects of the ceiling jet and the
upper layer of hot gases beneath the ceiling. The required
program inputs are the geometrical data describing the com-
partment, the thermophysical properties of the ceiling, the
fire elevation, the time-dependent heat release rate of the
fire, the fire diameter or the heat release rate per unit area of
the fire, the ceiling vent area, the fusible-link response time
index (RTI) and activation temperature, the fusible-link po-
sitions along the ceiling, the link assignment to each vent,
and the ambient temperature. A maximum of 5 ceiling vents
and 10 fusible links are permitted in the compartment. The
program outputs are the temperature and height of the hot
layer, the temperature of each link, the ceiling jet tempera-
ture and velocity at each link, the radial temperature distri-
bution along the interior surface of the ceiling, the activation
tie of each link, and the area opened. LAVENT was written in
FORTRAN.16

WPI/FIRE Computer Program
WPUFIRE is a direct descendant of the HARVARD V5

and FIRST13 programs. It includes all of the features of the
HARVARD program version 5.3 and many of the features of
the FIRST program. WPI/FIRE also includes the following
additional features: improved input routine, momentum-
driven flows through ceiling vents, two different ceiling jet
models for use in detector activation, forced ventilation for
ceiling and floor vents, and an interface to a finite difference
computer model for the calculation of boundary surface
isotherms and hot spots. The WPI/FIREprogram was mitten
in FORTRAN by Satterfield and Barnett, *7 and additions to
the program continue to be developed by graduate students
at the Center for Fire Safety Studies, Worcester Polytechnic
Institute.
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